A procedure is presented for screening the quality of feed in respect to ochratoxin A contamination based upon the analysis of ochratoxin A in pig blood. Representative samples from large feed lots may be obtained by using pigs as in vivo sample collectors which enrich the toxin and forms homogeneous samples in the blood. The spectrofluorometric procedure for ochratoxin A analysis (K. Hult and S. Gatenbeck, J. Assoc. Off. Anal. Chem. 59:128-129, 1976) has been adapted to pig blood and has been simplified to involve only three extraction steps. A volume of 2.5 ml of blood or plasma is needed, and the detection limit is 2 ng of ochratoxin A per ml. The disappearance of ochratoxin A from pig blood as a function of time has been studied. A feeding experiment with ochratoxin A has been performed, and the time course of the concentration of ochratoxin A in blood has been followed during the experiment.
A procedure is presented for screening the quality of feed in respect to ochratoxin A contamination based upon the analysis of ochratoxin A in pig blood. Representative samples from large feed lots may be obtained by using pigs as in vivo sample collectors which enrich the toxin and forms homogeneous samples in the blood. The spectrofluorometric procedure for ochratoxin A analysis (K. Hult and S. Gatenbeck, J. Assoc. Off. Anal. Chem. 59:128-129, 1976) has been adapted to pig blood and has been simplified to involve only three extraction steps. A volume of 2.5 ml of blood or plasma is needed, and the detection limit is 2 ng of ochratoxin A per ml. The disappearance of ochratoxin A from pig blood as a function of time has been studied. A feeding experiment with ochratoxin A has been performed, and the time course of the concentration of ochratoxin A in blood has been followed during the experiment.
The increasing evidence indicating that ochratoxin A is occurring in pigs and their feed in Sweden (2, 5) and Denmark (3) has emphasized the importance of a broader knowledge of the general distribution of the toxin. A study with such a goal must be based on a great number of analyses, and therefore we have simplified the fluorometric method of ochratoxin A analysis (1) as much as possible. This method has been adapted to analysis of ochratoxin A in blood or plasma from pigs, because as this report will show, ochratoxin A is retained for a considerable time in the blood system of living pigs. The pig can be looked upon as an in vivo sample collector which forms an average, homogeneous blood sample reflecting the ochratoxin A content in its feed.
MATERIALS AND METHODS
Analysis of ochratoxin A in blood or plasma.
To a 50-ml nylon centrifuge tube, 2.5 ml of blood (or plasma), 5 .0 ml of chloroform, and 20 ml (for plasma, 10 ml) of a solution containing 0.05 M HCI and 0.1 M MgCl2 are added. Extraction of ochratoxin A is carried out during 10 min in a tube-turning apparatus rotating 20 turns per min. The mixture is centrifuged for 10 min at 10,000 x g. From the bottom of the tube, 3.0 ml of the ochratoxin A-containing chloroform is transferred with a syringe into a 15-ml glass centrifuge tube.
The chloroform is washed once with 1.5 ml of water on a tube shaker. The Table 1 .
Pigs number 1 (control) and 2, and pigs 3 and 4 were kept and fed in pairs. The feed consisted of commercial, compounded pig feed.
Ochratoxin A feeding experiment. For feeding experiments, nine pigs were used: one control pig and four groups with two animals in each, which per os were given daily doses of 10, 50, 300, and 1,750 jig of ochratoxin A per pig, respectively. The ochratoxin A was given in gelatin capsules. Gelatin capsules (no. 3;
Parke Davis & Co.) were filled to half the volume with lactose, and the ochratoxin A, dissolved in chloroform, was pipetted on top of the lactose. After 2 h, when the chloroform had evaporated, the capsules were closed.
Ochratoxin A was fed daily, 2 h after the morning feed had been given to the animals. Blood samples were taken just before the capsules were given. Heparin was used as an anticoagulant, and plasma was separated by centrifugation. The plasma samples were either analyzed immediately or stored frozen. All analyses were performed in duplicates.
The different groups of animals were kept and fed separately, except for the control pig, which was kept together with the pigs receiving the lowest dose of ochratoxin A. The feed consisted of commercial compounded pig feed. Portions of 1.5 kg of feed were given per pig per day.
Ochratoxin A was given during 14 days, and the increase of ochratoxin A concentration in the plasma was followed. After this period, the disappearance of ochratoxin A from the plasma was followed during 16 days. Weights of the pigs during the experiment are shown in Table 2 .
Standards. The changes in fluorescence of standard solutions of ochratoxin A in buffer were measured as described above. Diluted standard solutions of ochratoxin A in buffer were prepared from a stock solution (10-4 M ochratoxin A) in buffer, which was stored frozen. The concentration of the stock solution was determined spectrophotometrically at 380 nm, using a value of 5,680 M'. cm-' for the extinction coefficient.
Apparatus. A Turner 430 spectrofluorometer with scanning attachment was used. The spectrofluorometer was equipped with a polarizer in the emission pathway, which is necessary when measuring low amounts of ochratoxin.
Carboxypeptidase A. Carboxypeptidase A was RESULTS AND DISCUSSION Analysis of ochratoxin in blood and plasma. The method described here had an average fluorescence recovery for ochratoxin A of 67% for blood samples (in the concentration range of 2 to 200 ng/ml), as compared with standards prepared in pure buffer. The loss of fluorescence intensity was composed of at least two different components, nonquantitative extraction and quenching of the fluorescence in the extract. By introducing known amounts of ochratoxin A into buffer extracts, the quenching contribution to the loss was measured to be 10% of the fluorescence of the standards. The remaining 23% of the loss was mainly the result of a nonquantitative extraction of ochratoxin A from the chloroform phase into the buffer.
The recovery of ochratoxin A from plasma was higher than that from blood. In the concentration range of 2 to 200 ng/ml, the recovery was 78%.
The linearity of the method from 2 to 200 ng/ ml had a correlation coefficient of 0.9994. Above 200 ng/ml, the method was not linear, and the recovery of ochratoxin A from plasma decreased to 68% at 1,600 ng/ml. The disappearance of ochratoxin A from the blood was slightly slower than that published previously for kidney, liver, muscles, and fat (4).
Ochratoxin A feeding experiment. The ochratoxin A feeding experiment consisted of two parts, the ochratoxin A feeding part and the part observing the elimination of ochratoxin A from the pigs. During the first part, the ochra- toxin A concentration in plasma was continuously increasing until a steady-state concentration was reached. At this concentration, the amount of ochratoxin A taken up into the plasma and the amount that disappeared from the plasma during 1 day were equal. The results, showing the concentrations of ochratoxin A in plasma as a function of time, are given in Fig. 2 .
It can be seen from Fig. 2 that in all pigs the concentrations of ochratoxin A in plasma were approaching a steady state before the end of the ochratoxin A feeding period. If the means of the steady-state concentrations were compared with the doses given, calculated as nanograms of ochratoxin A per gram of feed, the following relationship was obtained: plasma concentration of ochratoxin A (nanograms per milliliter) = 1.5 x concentration of ochratoxin A in feed (nanograms per gram).
The important conclusion from this relationship was that ochratoxin A in a contaminated feed could be expected to appear in a more concentrated form in the plasma than in the consumed feed.
The decreases in the concentrations of ochratoxin A in the plasma of the pigs started at the end of the ochratoxin A feeding period. Only one group, given the lowest dose of ochratoxin A (Fig. 2D) disappearance of ochratoxin A was fast at high concentrations in the plasma but low concentrations remained for a very long time.
Conclusions. One of the main problems when dealing with mycotoxin contamination of feed is the sampling. The aim of the sampling should be to get a representative sample of the feed given to the animals. In the case of ochratoxin A, the problem could be solved by using the pigs as samplers. Ochratoxin A will be retained in the pigs, and the concentration of the toxin in the blood will be a good measure of the amount of toxin that the pigs have been exposed to. The heterogeneous distribution of ochratoxin A often observed in feed will appear as a homogeneous and average sample in the blood of the pigs. The blood is easily collected in the slaughterhouse or can be taken from animals in vivo.
We showed earlier that pigs from two small herds fed with spontaneously occurring ochratoxin A-contaminated feed had, within each herd, almost the same concentration of ochratoxin A in kidneys or blood (5) . From 
